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$\frac{dT^{*}}{dt}$ $=$ $kTV-\delta y$
$\frac{dV}{dt}$ $=$ $N\delta T^{*}-cV$
$\frac{dM}{dt}$ $=$ $(\gamma T^{*}-a)M$
, $s,$ $d_{T},$ $k,$ $\delta,$ $N,$ $c,$ $\gamma,$ $a$ , ,
. ,
, . N-B .
.
.
$X_{1}=$ ($\hat{T}_{1},\hat{T}$h, $\hat{V}_{1},\hat{M}6$ ) $=(s/d_{T}, 0,0,0)$
$\text{ }$ .
$X_{2}=(\hat{T}_{2},\hat{T}_{2}^{*},\hat{V}_{2},\hat{M}_{2})$
$\hat{T}_{2}=\frac{\delta}{k}$ , $\hat{T}_{2}^{*}=\frac{s}{\delta}-\frac{d_{T}c}{N\delta k}$ , $\hat{V}_{2}=\frac{sN}{c}-\frac{d_{T}}{k}$ , $\hat{M}_{2}=0$
$X_{3}=$ $(\overline{T},\overline{T}^{*},\overline{V},\overline{M})$ , where




$\bullet$ $sNk<d_{T}c$ $X_{1}$ , $X_{2},$ $X_{3}$ .
$\bullet$ $d_{T}c<sNk$ , $X_{1}$ . , $sNk<d_{T}c+akN\delta/\gamma$
, $X_{2}$ , $X_{3}$ .
$X_{3}$ , $sNk>d_{T}c+akN\delta/\gamma$ .
, , .
$\text{ }$ (Liu [3]) $X_{3}$ ,
.
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Liu Maple . , Murase-Sasaki-
Kajiwara [4] ,
. Kajiwara-Sasaki [1] .
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$\frac{dT^{*}}{dt}$ $=$ $kTV-\delta T^{*}-MT$
$\frac{dV}{dt}$ $=$ $N\delta T^{*}-cV$
$\frac{d\Lambda I}{dt}$ $=$ $\gamma T\sim t-\tau)M(t-\tau)-aM$
183
, $\tau$ , N-B , $X_{1}$ ,
$X_{2},$ $X_{3}$ . , $X_{3}$ $\tau$
.
$X_{3}$ , $\lambda$ .
$\lambda^{4}+\{c +l +u +- a(1-e-\lambda\tau)\}\lambda^{3}+\{cu$ $+lu$ $+he$$-\lambda\tau+(1-e^{-\lambda\tau})ac+(1-e^{-\lambda\tau})$ al
$+(1 -e^{-\lambda\tau})$ cu} $\lambda^{2}+$ { $(ch$ $+uh)e$$-\lambda\tau+$ clp(1 $-e^{-\lambda\tau}$ )acu$(1-e^{-\lambda\tau}$ )alu} $\lambda$
$+cuhe$ $-\lambda\tau+$ $apcl(1-e^{-\lambda\tau})=0$ ,
, $u=d_{T}+k\overline{V},$ $p=k\overline{V},$ $l=\delta+\overline{M},$ $h=\overline{M}\gamma\hat{T}^{*}$ . , $\nu$
, $\lambda=i\nu$ , .
$\nu^{4}+a\nu^{3}\sin\nu\tau-(ac +al +au +cu +lu)\nu^{2}-$ ( $h-$ ac-al-au)$\nu^{2}\cos\nu\tau$
$+$ ($ch$ $+$ hu-acu-alu)$\nu\sin\nu\tau+aclp$ $+$ (chu-aclp) $\cos\nu\tau$
$+$i[-(a $+c$ $+l$ $+u$) $\nu^{3}+$ (h-ac-al-au)$\nu^{2}\sin\nu\tau$
$+(acu +clp +alu)\nu+$ ($ch$ $+$ hu-acu-alu) $\nu\cos\nu\tau-$ (chu-aclp) $\sin\nu\tau]=0$




$A$ $=$ $c^{2}+u^{2}+l^{2}+2cl$ ,
$B$ $=$ $c^{2}u^{2}+l^{2}u^{2}-h^{2}+2ahl+2clu^{2}-2clp(u+l+c)$,
$C$ $=$ $2ahl(u^{2}-cp)-c^{2}h^{2}-h^{2}u^{2}+c^{2}l^{22}p$ ,
$D$ $=$ $2ac^{2}hlpu-c^{2}h^{2}u^{2}$ ,
. , .
, $\overline{T}^{*}$ , $D$ .
, $F(\nu)=0$ .
, , $\tau>0$ $X_{3}$ .
, Perelson-Kirschner-de Bore [7]
.





. , . , $\overline{T}^{*}=1.0(a=1.0$,
$\gamma=1.0)$ . , $F(\nu)=0$ $\nu\simeq 0.4965$ .
, $\tau\simeq 0.07986$ , $X_{3}$ .
$\tau=0.01$ ,









$\frac{dT^{*}}{dt}$ $=$ $kTV-\delta T^{*}-MT$
$\frac{dV}{dt}$ $=$ $N\delta T^{*}-cV$
$\frac{dM}{dt}$ $=$ $(\gamma T^{*}(t-\tau)-a)M$ ,
, $\tau\geq 0$ I , $\frac{dM}{dt}$ $M$
. I .






, $u,$ $p,$ $l,$ $h$ ) $\mathrm{s}$ . , .










, . , Neumann-Perelson
[6] .
$\frac{dT}{dt}$ $=$ $s-d_{T}T-kTV$
$\frac{dT^{*}}{dt}$ $=$ $kT(t-\tau)V(t-\tau)-\delta y$






$\frac{dT^{*}}{dt}$ $=$ $kT(t-\tau)V(t-\tau)-\delta T^{*}-MT$
$\frac{dV}{dt}$ $=$ $N\delta T^{*}-cV$









, , $u,$ $p,$ $l,$ $h$ ) $\mathrm{s}$ . , $D>0$
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